logous to the ciliary and the spheno-palatine, and is of the distinct kind.
The synonyms monopolized by Arnolds otic ganglion render it difficult to select a name, although but a provisional one, for the little fusiform ganglion found on the facial nerve, where this is joined by the superior vidian. From its presumed connection, however, with the part of the ear in which the acoustic nerve expands, it may here be described under the designation of GANGLION Hence Longefs supposition appears to myself sufficiently plausible. There is, however, more of anastomosis between the facial and the acoustic nerves than he allows. Filaments may be seen very plainly (as Mr Swan pointed out) in the lamb or the calf, which pass across the bottom of the meatus from the facial nerve to the auditory, in addition to those which pass in a contrary direction from the portio intermedia to the facial.
These connecting filaments are presumed to come from the facial, because they pass from that nerve backwards and somewhat outwards towards the perforated wall of the internal ear, whereas the filaments which proceed from the portio intermedia to the facial pass forwards and outwards towards the ganglion acusticum.
It must be admitted, that our acquaintance with the minute anatomy of these nerves is not sufficient to permit of exact and positive physiological inferences; but if from physiological considerations it should seem probable that the membranes of the internal ear receive nerves of every kind, nerves of motion as well as of special and common sensation, the probability will not be lessened on anatomical grounds.
The presumed physiology of this ganglion will be considered with that of the next. GANGLION In the cod, the accessory nerve of the ear-bulb is a contribution from the vagus, and from that first portion of the vagus which is probably homologous with the glosso-pharyngeal. In the skate, cat-fish, and carp, both fifth and eighth nerves send a contribution to the ear. In the pike, the fifth, and probably the facial,?since a continuation from the nerve which supplies the acoustic sacculus emerges on the back part of the side of the head. In the conger eel, gurnard, and turbot, a portio dura also proceeds from the same nerve which supplies the ear-sac. In the alose, the accessory comes off from the medulla as a distinct nerve. Generally speaking, the true auditory nerve is distributed to the vestibule, and to the ampullae of the anterior, and the external semicircular canals; whilst the accessory nerve supplies both the loculi of the sac, where the otoliths lodge, and the ampulla of the posterior canal. In sparo salpa and others, however, the true auditory supplies the anterior loculus. In the cat-fish, the accessory sends a branch to be distributed in the branchial muscles, the branchial membrane being supplied by the fifth. (Weber; Breschet.) From its source in the avowedly motor nerves, the absence of ganglia on its roots, the concomitant distribution of some of its filaments to the ear-sac, and of others to muscles, and from its more especial relation to that part of the acoustic bag which contains the otolith, we may infer that the accessory nerve is for the most part a motor nerve; yet not entirely so. We should expect that so important an organ would not be devoid of impressional nerves ; and these the ear-sac probably receives to some extent from tte gangliated portion of either the fifth or the eighth nerves. In Cyprus carpio, this presumed mixed character of the accessory auditory nerve is demonstrated by the presence upon it of a fusiform ganglion. Arising in front from the non-gangliated portion of the fifth, and receiving from behind a contribution from the gangliated portion of the eighth (? the glossopharyngeal), the accessory nerve forms a small distinct fusiform ganglion of its own beneath the true auditory, and then supplies two nerves to the vestibule, one to the ampulla of the posterior canal, three to the muscles of the branchiae, and one to join the branches of the glossopharyngeal which proceed to the branchial membrane ( speculation, it is at least worthy of remark that the internal ear does receive filaments from the sensational portions of the fifth, glossopharyngeal, and vagus, in all vertebrata, and that this supply is greatest precisely in those animals in which the connection between the automatic movements governed by the main nerves, and those required for the purpose of modifying hearing, is most necessary and apparent. In the fish, for example, as the animal descends into deeper and denser water, the impression made on the lining membrane of the swimming bladder by the contained air under the compression it sustains from the greater pressure from without, excites through the vagus such motor reaction on muscles which can affect the swimming bladder as to cause greater compression still. In this way the densification of the contained air is further promoted, and the specific gravity of the animal correspondingly increased. It is very intelligible that, provided such motor reaction upon the swimming bladder could in any way modify sound, it might be very convenient to invest the ear-sac with the power of inducing it when required.
The compression of the tympanic membranes effected in mammals by the air admitted through the Eustachian tube, has its analogy in fishes in the mode in which the intra-cranial vestibular sac is compressed by the air contained in the swimming bladder. In the lowest depths of the ocean the density of the medium being very great, sounds must be intense, but all the sounds there existing will consist in those acute ones occasioned by the movements of fishes. By increased tension of its ear-sac, the fish is at the same time well adapted for hearing accurately acute sounds, and well defended from the excessive vibrations which any unusual noise might cause. Near the surface of the water, the diminished density of the medium lessens the need for defence against noise, whilst the occurrence of a greater variety of sounds demands the power of altering tension of the ear as may be required. As the fish rises, the compression of the ear-sac, and consequently its tension, are lessened, but may at any instant be increased by muscular action. For the purpose of suddenly defending the organ from undue noise at any depth, the voluntary compression of the ear-sac by the muscles which cover it, or affect it more or less immediately, may induce for the time increased tension of the ear-sac and obtunded sensibility. " In some species of Gadus, muscular fibres extend from the vertebral column upon the air-bladder" (Owen). And, possibly, in the great majority of fishes, which possess the bladder but not the duct, the voluntary contraction of the external muscles is imparted to the swimming bladder. Hence the degree of tension of the bladder appears to be in some degree under the control of the will of the fish.
In fishes which have the power of producing sounds ( Trigla, Pogonias), the swimming bladder and its duct are the parts subservient to this purpose. It is interesting in reference to this to find that the great vocal nerve, the vagus, is the source of supply to the swimming bladder.
There is reason, therefore, to infer that the swimming-bladder in the fish fulfils some of the offices of lung, larynx, Eustachian tube, and tympanum ; playing a similar part in the acoustic adjustment of the ear-sac directly which those several organs in mammalia do more indirectly; and so far as it is an organ of acoustic adjustment, being unusually developed to meet an unusual requirement arising from the habits of the fish, and to compensate for the absence of some of the more delicate parts of the adjusting mechanism.
In the sharks we find neither the swimming-bladder of osseous fishes, nor the peculiar arrangement of muscle and tube met with in the rays. Between the membrane of the vestibule and the surface of the head there is a small tube full of air. It rests below on the membrane of the ear-sac, and is covered in above by the external tegument. The walls of the tube are cartilaginous, and therefore firm and elastic, and well fitted to effect uniform reaction of the contained air when this is unusually pressed from without. As the shark descends into deep water, the pressure on the surface of its body affects the air in the little auditory tube through the medium of the skin, which closes it in externally. This pressure applied to the contained air is made uniform and general by the elasticity of the cartilaginous walls of the tube, and is thereby communicated in the most effective manner to the membrane of the vestibule.
In this way is the membrane of the ear-sac tightened in exact proportion to the depth of the fish in the water, and consequently to the density of the medium in which it lies.
The shark appears to be the nearest approach of the fish to the amphibious animal. And in the crocodile we meet with a somewhat analogous arrangement in the meatus auditorius externus, which is closed under water by its valves, but is patent on land. In the closed condition under water, the inclosed air will be subject to the same changes which it undergoes in the auditory tube of the shark, the auditory air-bladder of the loach, or the larger swimming-bladder of many fishes. We have seen that the middle ear is the part in which the adaptation of the organ has chiefly to be effected, and that variation in its secretion in all probability materially affects the conduction of sound. Now the adaptation of the ear is required on three different accounts, each of which exercises a special influence on the adapting agency. It is required, firstly, to attune the ear to catch with the greatest accuracy sounds from without; secondly, to catch with instant exactness sounds from within,?the sounds of the individual's own voice; thirdly, to shut out as much as possible obnoxious noise.
A correct appreciation of sound is essential to harmonious vocalization.
In ordinary speaking, and still more in impassioned eloquence, the mind dictates the word, but the ear directs the note. The respiratory and other muscular movements on which articulation depends are guided by the ear. The rapid change of emphasis and intonation from loud vehemence to soft and gentle utterance, demands as quick a change in the action of the machinery of the ear. We are not conscious that we produce this change in the ear voluntarily; and probably we do not.
We will to give the sound experience has taught, and we guide the sound correctly by the ear; but we pay no attention to the ear at the time. The attempt even to do so seems rather to interfere with the perfection of the action. In difficult passages of vocal music, in playing wind instruments, or in whistling a tune, the person whose ear without his notice guides him succeeds the best. The tensor tympani has two distinct motor nerves. Besides the gangliated nerve, which it receives from the otic ganglion, it has a second from the internal pterygoid nerve, which is not in any way connected with the ganglion. In this respect it precisely resembles the tensor palati, which receives one nerve from the otic ganglion, and another from the main trunk of tfte pterygoid. In both muscles the same purpose is answered.
The voluntary action of the tensor tympani, by which the ear is fitted for attention to acute sounds, is effected through the medium of the non-gangliated nerve, without any excitement of the otic ganglion accompanying it, which, indeed, by moistening the tympanic membranes, would have just defeated the end. So, also, when the veluni palati is required to be voluntarily tightened, it can be so through the non-gangliated nerve of the tensor palati, without any interference with the secretion in the tympanum. But when these muscles contract automatically in response to excitement of the special and common impressional nerves of the ear, the action is a defensive one, 326 Dr Hall on the and the association of the influence of the otic ganglion becomes essential.
The clenched jaw shows the excited action of the muscles of mastication, with which the otic ganglion through its connection with the motor nerves directly sympathizes. At the same instant the velum palati is raised by its azygos and levator muscles,? through branches from the facial and glosso-pharyngeal nerve, both of which are gangliated and consequently involuntary,*?and is rendered a fixed point by their conjoined action; the remaining muscle, the tensor palati, is excited through the nerve which passes to it from the otic ganglion, which is thus still further drawn into co-operation. By the action of the tensor palati, the velum is stretched, whilst the trumpet-shaped mouth of the Eustachian tube is lowered.
The narrow canal of the tube is thus compressed ; and the air within the tympanum, previously pushed in by a squeezing movement of the mouth and pharynx, is confined, and denied escape through its ordinary outlet. The warmth of the cavity rarefies the air, which, by its expansion, becomes a worse sound-conductor, at the same time that it assists in tightening, by its pressure from within, the membrana tympani.
Pressed outwards by the expanding air, the membrana tympani is drawn inwards by its special muscle, through the involuntary nerve which this receives from the otic ganglion. Thus tightened to its utmost, the outer drum-membrane will scarcely vibrate; whilst the inner ones, moistened in common with the rest of the tympanic cavity by the extra-secretion which the otic ganglion causes to be poured out, deaden as much as pos- To recapitulate the somewhat complicated distribution of the gangliated nerves of the ear:?all parts of the ear derive impressional filaments from the fifth, glosso-pharyngeal, and vagal nerves, and may, and probably do, receive grey fibres from the spinal ganglia of these several nerves at the same time. All likewise receive more or less directly ganglionic filaments from the superior cervical ganglion.
Of the external ear, the pinna and the outer portion of the meatus externus are supplied by the fifth exclusively; whilst the inner portion of the meatus, where the ceruminous glands lie thickly imbedded, receives filaments from the glosso-pharyngeal and vagus, from the otic ganglion and from the fifth. The middle ear receives filaments from the fifth, gloss-pharyngeal, and vagus, and from the otic ganglion. The Hence the glossopharyngeal and vagus send no contribution to the ophthalmic ganglion.
" Exceptio probat regulam."
8. The impressional contribution of the fifth to the sensorial sympathetic ganglia is special and peculiar to each, having no relation to any other sympathetic ganglion. The reverse is the case with the impressional contribution of the two nerves of the 'eighth. This is in every instance related to more than one of the sympathetic ganglia. It will result from this that impressions may excite ganglionic reaction on the part impressed without interfering with the ganglia of any other parts, through the filaments of the fifth; but cannot excite it in one ganglion without calling forth the co-operation of others, when acting through the filaments of the eighth. On this distinction I found the view that the sensorial sympathetic ganglia belong to the fifth nerve, rather than to the glosso-pharyngeal or the vagus.
9. The motor element of each of these ganglia in every instance, is special and peculiar to its own ganglion, and has no relation to any other.
Note?Bazin, writing in 1841 (Da Syst. Nerv. Paris, p. 47), states, "there is a little mass of grey matter, or a ganglion of the fifth pair, situated on the internal face of the trunk of the infra-maxillary nerve, at the point where it emerges from the oval foramen, which has not previously been described." Sanlorini and Girardi had, in 1775, described the conjunction of the portio minor of the fifth with the infra-maxillary branch on their emergence from the foramen ovale as a " true gangliform plexus." I had myself distinguished ganglionic corpuscles in a microscopic portion taken from this point. On these grounds, I inferred that there was here a small ganglion of the fusiform kind, and I enumerated it in my classification accordingly. On making further examinations with greater care, I find I was in error. There is no ganglion here distinct from the Gasserian, which, however, in some subjects, sends down a grey process through the oval foramen ; and this, 1 presume, must have been the source of the corpuscles which had previously deceived me.
Holmes Chapel, Cheshire, Maij 15th 1848.
